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ABSTRACT. - In this study a total of 131 chub, Squalius cephalus (Linnaeus, 1758) (Cyprinidae), living in Kapulukaya 
dam lake (Ankara, Turkey) were investigated. The growth features; age composition, age-length, age-weight and length- 
weight relationship and von Bertalanffy growth equations were calculated for both sexes seperately. In addition, five differ¬ 
ent condition indices that was proposed by different researchers were applied and compared. 


RESUME. - Caracteristiques de la croissance du chevaine, Squalius cephalus (Cyprinidae), et comparaison de cinq coeffi¬ 
cients de condition differents. 

Cette etude porte sur 131 chevaines, Squalius cephalus (Linnaeus, 1758) provenant du lac de barrage Kapulukaya 
(Ankara, Turquie). Les caracteristiques de la croissance, la composition en age, les rapports age-longueur, age-poids et lon- 
gueur-poids et les courbes de croissance de von Bertalanffy ont ete calcules pour les deux sexes separement. De plus cinq 
coefficients de condition proposes par divers chercheurs ont ete appliques et compares. 
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During several decades many researchers mentioned the 
importance of growth features of fish species which have 
economical value and many statistical models were applied 
to fisheries biology (Ricker, 1975; Blackwell et al., 2000). 
There are many articles that have been devoted to the study 
of fish condition and suitability of mathematical equations for 
its description (Fulton, 1911; Le Cren, 1951; Jones et al., 
1999; Richter et al., 2000). However, it should be noted that, 
unless they are tested, whether these equations fit for other 
species or not, remains unclear. 

Chub, Squalius cephalus (L., 1758) is one of the most 
common and widely distributed cyprinid species in Europe 
and Anatolia. Although there are several papers dealing with 
the biology of chub (Prokes, 1981; Altindag, 1996; Yerli et 
al., 1999; Kalkan et al., 2005; Koc et al., 2007), this is the 
first study that compare different condition indices. The 
results obtained were compared according to Jones et al. 
(1999). In addition, it was also aimed to determine the growth 
features of chub such as age composition, age-length, age- 
weight, length-weight relationship and von Bertalanffy 
growth equations. The results from this study were compared 
to other studies from other regions of this species’ range. 

MATERIALS AND METHODS 

In this study a total of 131 chub (Squalius cephalus) were 
investigated. Fish were captured with fyke nets and gill nets 
between April and November 2001 from Kapulukaya dam 


lake (Ankara, Turkey). The fish were brought to the laborato¬ 
ry and somatic weight, fork length and height at the level of 
dorsal fin were recorded to the nearest 0.1 g and 0.1 cm, 
respectively. Sex was determined by the macroscopic exami¬ 
nation of gonads. For age determination several scales were 
removed from the left side, above the lateral line anterior to 
the dorsal fin. Scales were viewed under a microfiche reader 
and age of fish was estimated according to Lagler (1996). 

The traditional methods were applied for the determina¬ 
tion of length-weight relationships (W = a x L’’) (Ricker, 
1975). The von Bertalanffy growth equations were calculated 
according to the formula: Ft = Lo= (1 - e '^ ^‘ *“^). Five different 
condition indices; K, K’, Kn, B and B’ proposed by Fulton 
(1911), Bagenal and Tesch (1978), Le Cren (1951), Jones et 
al. (1999) and Richter et al. (2000), respectively, were com¬ 
pared. The fish condition has been traditionally estimated by 
the following formula developed by Fulton (1911):K = 100 x 
W/L^, where K = condition factor, W = body mass, L = body 
length 

This equation assumes isometric growth, however it has 
been shown that fish often grow allometrically. To reduce or 
eliminate the effects of allometry from the estimation of fish 
condition, a condition factor K’ has been proposed by Bage¬ 
nal and Tesch (1978): K’ = 100 x W/L'’, where b is a constant 
determined from the length-weight relationship (W = a x L*’). 

Le Cren (1951) introduced the idea of another factor, Kn, 
for measuring fish condition and several authors suggested 
that Kn could be used to distinguish between and measure 
separately the influences on condition of length and other 
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factors (Blackwell et al., 2000). This relative condition fac¬ 
tor is calculated with the following formula: Kn = W/W’, 
where W is the weight of the individual hsh and W’ is the 
calculated average weight for a given length, from the equa¬ 
tion W = axL’’. 

However, it is very difficult to obtain a reliable value for 
b, particularly if the data set used to estimate b is small or 
does not span a wide enough range of body lengths (Ricker, 
1975; Bagenal and Tesch, 1978). To overcome or minimize 
these problems, Jones et al. (1999) proposed a new condition 
factor based not only on length and weight but also on height. 
The new factor termed B, is computed by the following equa¬ 
tion: B = W/ (h X L^), where W = body mass, h = body height, 
L = body length. 

However, Richter et al. (2000) argued about this equation 
and proposed a new equation which is termed B’: B’ = W/ 
(h^ X L) 

The results obtained from these equations were compared 
according to Jones et al. (1999). Back-calculated masses 
were regressed against the actual body masses and the coeffi¬ 
cients of determination values were compared to interpret 
which condition factor equation gives the best results for 
chub, S. cephalus. 

RESULTS 

In total 131 fish specimens were investigated for the 
determination of the growth parameters. Fork length ranged 
between 10.26-33.05 cm for males and 10.56-32.30 cm for 
females. Total weight ranged between 13.20-610.0 g for 
males and 14.00-566.50 g for females. Fish aged I-VI years 
were present in the samples (Tab. I). It was found that the 
studied chub population consisted of 41.98% males and 
58.02% females. Fish aged IV years were the most abundant 
age group followed by age group III (Tab. II). The length- 
weight relationship equations calculated for both sexes are 
shown in table III. The value b was found to be higher than 3, 
in both sexes. The von Bertalanffy growth equations are 
given in table IV. Loo values for males (45.98 cm) were higher 
than for females (40.55 cm). 

The average condition factors were found as follows; 
K= 1.54,K’= 1.26,Kn= 1.01,B = 6.55andB’ = 28.59.The 
changes in the condition factor was only expressed with K, 
because only K was calculated in other studies concerning S. 
cephalus which makes impossible to compare K’, Kn, B and 
B’ to other studies. The average K value in April was 1.62 
and it was 1.53 in November. The average condition factors 
were used to back-calculate the body mass of fish. The results 
of regression analysis between the actual and back-calculated 
body masses are shown in table V. As it is shown in the table, 
the highest coefficient of determination was found for B and 
the lowest for K. 


Table I. - Length and weight of Squalius cephalus at different age 
classes. [Tallies etpoidspour les differentes classes d’dge.] 


Age 

Length (cm) 

Weight (g) 

Male 

Female 

M+F 

Male 

Female 

M+F 

I 

10.26 

10.56 

10.37 

13.20 

14.00 

13.50 

II 

15.80 

16.81 

16.41 

54.75 

66.50 

61.80 

III 

23.05 

23.07 

23.06 

217.83 

212.18 

214.52 

IV 

26.99 

27.38 

27.25 

348.42 

353.61 

351.88 

V 

29.56 

29.61 

29.58 

445.00 

456.25 

449.74 

VI 

33.05 

32.30 

32.67 

610.00 

566.25 

588.13 


Table II. - Frequency distribution of Squalius cephalus at different 
age classes. [Distribution de frequence pour les differentes classes 
d’dge.] 


Age 

Male 

Female 

M+F 

N 

% 

N 

% 

N 

% 

I 

5 

3.82 

3 

2.29 

8 

6.11 

II 

4 

3.05 

6 

4.58 

10 

7.64 

III 

12 

9.16 

17 

12.97 

29 

22.13 

IV 

19 

14.50 

38 

29.01 

57 

43.51 

V 

11 

8.39 

8 

6.11 

19 

14.50 

VI 

4 

3.05 

4 

3.05 

8 

6.11 

Total 

55 

41.98 

76 

58.02 

131 

100.00 


Table III. - Length-weight relationships of both sexes of Squalius 
cephalus. [Relations taille-poidspour les deux sexes.] 


Sex 

Lensth-weisht relationship 

Correlation (r^) 

Male 

W = 0.0054 xL3-3497 

LogW = -2.2676 + 3.3497 LogL 

0.987 

Female 

W = 0.0057 xL3-3339 

LogW = -2.2441 + 3.3339 LogL 

0.978 

M+F 

W = 0.0055 xL3-3417 

LogW = -2.259 + 3.3417 LogL 

0.981 


Table IV. - Results of the regression analysis between the actual 
body mass and the back-calculated body mass from the average 
condition factors. [Resultats de Tanalyse de regression entre la 
masse actuelle du corps et la valeur retrocalculee a partir desfac- 
teurs de condition moyens.] 



Growth parameters 

Growth equations 

Sex 

Loo 

k 

to 

Lt = Loo(l -e-‘‘i*-“») 

Male 

45.98 

0.2026 

-0.2446 

Lt = 45.98 (1 - e-'''2026 (t +0.2446)) 

Female 

40.55 

0.2587 

-0.1774 

L = 40.55 (l-e-0'2587(t + O.I774)) 

M+F 

42.64 

0.2348 

-0.1918 

L, = 42.64(1 e-0'2348(t+o.i9i8)) 


Table V. - Regression analysis between the actual and back-calcu¬ 
lated indices. [Analyse de regression entre les indices actuels et 
retrocalcules.] 


Condition indices 

K 

K’ 

K„ 

B 

B’ 

Coefficient of 
determination 

0.938 

0.954 

0.948 

0.966 

0.956 

Regression slope (d) 

0.930 

0.937 

0.973 

0.955 

0.985 

SEd 

0.017 

0.021 

0.021 

0.015 

0.018 
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DISCUSSION 

Chub, Squalius cephalus (L., 1758) is one of the most 
common and widely distributed cyprinid species in Europe 
and Anatolia. Although there are several papers on the biolo¬ 
gy of this economically important fish species both from Tur¬ 
key (Ekmekci, 1996; Altindag, 1996; Yerli et al., 1999; Koc 
et al., 2007) and Europe (Prokes, 1981), little is known on the 
growth of this species in Turkish reservoirs such as Kapulu- 
kaya dam Lake. 

The weight-length relationship equations calculated for 
male and female chub clearly indicates that the growth of 
chub in Kapulukaya dam lake is allometric. Similar findings 
were also reported by Prokes (1981) and Altindag (1996). 
However, the value b in other studies range between 2.49 and 
3.53 (see Koc et al., 2007) which might rise from the ecologi¬ 
cal differences between the study areas and it is known that 
different stocks or populations display different levels of con¬ 
dition according to the characteristics of their habitats (Perry 
et al., 1996). In the present study, the von Bertalanffy growth 
equations shows that the L™ value calculated for males is 
higher than for females: our findings are in agreement with 
those of Altindag (1996) and Kalkan etal. (2005) and in disa¬ 
greement with Koc et al. (2007). 

In the present study. Pulton’s condition factor (K) for 
chub was found equal to 1.54 that is similar to K values for 
chub from other studies: 1.60 in Sariyer dam lake (Ekmekci, 
1996), 1.57 in Aksehir Lake (Altindag, 1996), 1.47 in Kara- 
kaya dam lake and 1.67 in Ikizcetepeler dam lake (Koc et al., 
2007). 

The analysis of fish condition data has become a standard 
practice in the management of fish populations as a measure 
to interprete their physiological state and fish with a low con¬ 
dition factor presumably have been exposed to an adverse 
physiological environment or insufficient nutrition (Black- 
well et al., 2000). Pulton’s condition factor K is the most 
commonly used index in fisheries biology. However, for fish 
which exhibits allometric growth, K’ looks better. It seems 
that Kn could be used to emphasize the influences of other 
environmental factors (Blackwell et al., 2000). However, in 
the calculation of Kn, a time consuming parameter “b” needs 
to be estimated. Jones et al. (1999) stated that their equation 
B, is a better indicator and is more sensitive to the physical 
state of fish and easier to calculate. However, according to 
Richter et al. (2000), B’ gives better results. In this study we 
found that B gave the best fit in the regression analysis (Tab. 
IV), with an highest coefficient of determination. On the other 
hand, condition factor K gave the least fit in the analysis. So, 
we suggest to use B when the height of the fish is available, 
otherwise K’ would give satisfactory results. 


REFERENCES 

ALTINDAG A., 1996. - Some population features, growth and con¬ 
dition of the chub (Leuciscus cephalus) in Aksehir Lake. Tr. J. 
Zoo/.,20(Suppl.): 53-65. 

BAGENAL T.B. & F.W. TESCH, 1978. - Age and growth. In: Meth¬ 
ods for the Assessment of Eish Production in Ereshwaters (Bage- 
nal T.B., ed.), pp. 101-136. Blackwell Scientific Publications. 

BLACKWELL B.G., BRWON M.L. & D.W. WILLIS, 2000. - Rela¬ 
tive weight (Wr) status and current use in fisheries assessment 
and management. Rev. Fish. Sci., 8(1): 1-44. 

EKMEKCI E.G., 1996. - Growth and reproduction properties of 
chub {Leuciscus cephalus L., 1758) in Sariyar Dam Lake. Tr. J. 
Zoo/.,20(suppl.): 95-106. 

FULTON T.W., 1911. - The Sovereignty of the Sea: An Historical 
Account of the Claims of England to the Dominion of the Brit¬ 
ish Seas and of the Evolution of the Territorial Waters, with Spe¬ 
cial Reference to the Rights of Fishing and the Naval Salute. 
799 p. Edinburgh: William Blackwood and Sons. 

JONES R.E., PETRELL R.J. & D. PAULY, 1999. - Using modified 
length-weight relationships to assess the condition of fish. A^ua- 
cult. Eng., 20: 261-276. 

KALKAN E., YILMAZ M. & A.U. ERDEMLI, 2005. - Some bio¬ 
logical properties of the Leuciscus cephalus population living in 
Karakaya Dam Lake in Malatya (Turkey). Tr. J. Vet. Anim. Sci., 
29:49-58. 

KOC H.T., ERDOGAN Z., TINKCIM. & T. TREER, 2007. - Age, 
growth and reproductive characteristics of chub {Leuciscus 
cephalus L., 1758) in the Ikizcetepeler dam lake (Balikesir), 
Turkey. J. Appl. IchthyoL, 23: 19-24. 

LAGLER K.F., 1996. - Freshwater Fishery Biology. 421 p. Dubu¬ 
que, lA: W.M.C. Brown Compani. 

LE CREN E.D., 1951. - The length-relationship and seasonal cycle 
in gonad weight and condition in the perch {Perea fluviatilis). J. 
Anim. Ecol., 20: 2W-2\S. 

PERRY R.L, HARGREAVES N.B., WADDELL B.J. & L. MACK- 
AS, 1996. - Spatial variations in feeding and condition of juve¬ 
nile pink and chum salmon of Vancouver Island, British Colum¬ 
bia. Fish. Oceanogr., 5(2): 73-88. 

PROKES M., 1981. - Seasonal growth of chub Leuciscus cephalus, 
in the Rokytna stream. Folia ZooL, 30(4): 371-384. 

RICHTER H., LUCKSTADT C., FOCKEN U., & .K. BECKER, 
2000. - An improved procedure to assess fish condition on the 
basis of length-weight relationships. Arch. Fish. Mar. Res., 
48(3): 226-235. 

RICKER W.E., 1975. - Computation and interpretation of the bio¬ 
logical statistics of fish populations. Bull. Fish. Res. Board. 
Can., 191: 1-382. 

YERLI S.V., CALISKAN M. & A.F. CANBOLAT, 1999. - An 
investigation on the growth criterias of Leuciscus cephalus in 
Cildir Lake-Ardahan. Tr. J. ZooL, 23(Suppl. 1): 271-278. 


Regu le 14 mai 2007. 

Accepte pour publication le 22 mai 2008. 


Cybium 2008, 32(4} 


319 


